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FOREWORD 

This is the fifth repo^. in the Data Reduction Program Documentation 

series.   It is dated accordin   co the date of completion of the documentation.   No 

implication is made that this program will not subsequently be modified, amended, or 

superseded;   on the contrary, the history of radar data processing is one of continuous 

evolution of techniques, and it is unrealistic to assume that steady-state has been 

reached.   The PA-229 series is being published for the convenience of interested 

parties, and Lincoln assumes no responsibility for the correctness of the information 

presented, nor for its currency. 

The preparation of reports in this series is under the Editorship of Charles R. 

Bemdtson of Lincoln, and of D. Nessman and R. French of Philco-Ford Corporation. 

Inquiries, suggestions, corrections, criticisms, and requests for additional copies 

should be directed to C. R. Bemdtson. 

The principal contributor to this report was J. R. Cornelius (Philco-Ford). 

Due to the intricate, evolutionary manner in which the programs came into being, 

the editors regret that it is in general impossible to give due credit to all— 

mathematicians or radar an'iysts or programmers -- who contributed to the 

definition and writing of the programs. 

Alan A. urometacein 
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COMMON SYMBOLS AND ABBREVIATIONS 

(The units given for certain quantities are the units commonly used for those 
quantities, unless otherwise noted.) 

ADT 
Alt 
APS 
ARS 
Avg 
Az 

CADJ 
C-band 

El 
EOF 

GMT 

h 
Hz 

in 

LC 

min 

NB 
NRTPOD 

POD 
Phase 
PRF 
PRI 
pps 
pts 

R 
i 
R 
rad 
RC 
RCS 

s 
SD 

w 

ALCOR Data Tape 
Altitude (km) 
Average Pulse Shape 
ALTAIR Recording System 
Average, Averaging 
Azimuth (deg) 

Adjusted Calibration Constant (db) 
ALCOR frequency,  5664 MHz (NB) and 5667 MHz (WB) 

Elevation (deg) 
End of File 

Greenwich Mean Time 

Hours 
Hertz 

Inches 

Left Circular Polarization 

Minutes 

Narrow Band 

Non-real Time Precision Orbit Determination Program 

Project PRESS Operation and Data Summary Report 
Presented in deg 
Pulse Repetition Frequency (pps) 
Pulse Repetition Interval (s) 
Pulses per second 
Points 

Range (km) 
Range Rate (km/s) 
Radians 
Right Circular Polarization 
Radar Cross Section (dbsm) 

Seconds 
Standard Deviation of Wake Velocity 

m 



T Time 
TAL Time After Launch (s) 

UHF ALTAIR Frequency; 415 MHz 

V Velocity 
V, Doppler Velocity 

V Mean Wake Velocity 
w 

VHF ALTAIR Frequency; 155. 5 MHz 

WB Wide Band 

e Total Off-axis Angle (deg) 
\ Wavelength 
* Denotes Multiplication 
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FIJOW DIAGRAM SYMBOLS 

PROCESS, ANNOTATION 

DECISION 

CZJ TERMINATOR 

NAME 

SUBROUTINE:  where NAME 1« the entry 
call Into the subroutine 

0 

CONNECTOR;     where P specifies a page In the 
flow diagram, and L designates 
a statement number In the program 
listing or a reference point in the 
flow diagram 

CONNECTOR: where X implies a continuation 
of the diagram to the next page 

INPUT/OUTPUT OPERATION 

MAGNETIC TAPE 

PUNCHED CARD 

DISK 

Vll 
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ALTlü 

PURPOSE AND UTILIZATION 

Source of Data 

ALTAIR 1 

B. Data Input 

ALTAIR transcription tape 
i 

escription 

ALT10 is used primarily to produce plots of peak(jb€& vg TAL. . 
jrvaJUn. entriß >a<X^ov«^^ Jtx^s- '^ferxd.ti^cS'-« 

The program also produces plots of -ftes-in selected range gates vs TftL. 

D. Output 

1. 
2. 

\ 
A listing of pertinent identification data. 
Plots vs TAL of peak RCS and of RQS in selected range 
gates. 

n aJLux tn**^ 
\j^ ^ih^^h-^- OMJ^C -»V,- 

1- 



II. DESCRIPTION 

ALT1Ü averages the RCS data in each range gate every 0.05 s, and 

searches the gates to find the peak RCS.   It then plots peak RCS vs TAL.   A plot of the 

RCS in each of the range gates is also produced. 

The data cards are not checked for validity.   Subroutine ALREAD2 makes 

a number of checks on transcription tape parameters.   For some errors (missing 

format tables; end of file; target no., sampling pattern, or polarization not on tape) 

information is returned to main program for decision to terminate. 

 ^- :  



III. OPERATION 

A. 

CARD 1 (15A4) 

Col. 1-16 

Col. 17-60 

CARD 2 

Col. 1- 3 

Col. 4- 6 

Col. 7-13 

Col. 14-16 

Col. 17-19 

Col. 20-26 

Col. 31-35 

Col. 36-40 

Col. 41-45 

Col. 46-50 

Col. 51-55 

Input 

Start and stop times (GMT) 

Specified set of range gates 

Target and sampling pattern numbers 

Polarization 

A sample input is shown in Appendix A. 

Label for plots and listing 

Additional labels for listing 

(213, F7.3, 213, F7.3, 4X, 415) 

IH1   (13) 

IM1 (13) 

ZSEC1   (F7.3) 

IH2   (13) 

IM2 (13) 

ZSEC2   (F7.3) 

NRG 

INTARG 

IPAT 

IPOL 

ING ** 

Start time (GMT) in h, min, and s 

Stop time (GMT) in h, min, and s 

Number of range gates  (15) 

Target no.   (15) 

Sampling pattern in which initial gate is located 

Data channel:   1 = LC; 2 = RC; 3 = Az error«; 
4 « El error*  (15) 

The location within IPAT of initial gate  (15) 

*VHF transcriptions only. 

**Called ISTGAT in ALREAD. 

■4 



B. Output 

LISTING 

Title 

Target no., frequency, and polarization 

Start and stop timtc (GMT total seconds) 

Identification of gate being plotted 

Identification of peak gate being plotted 

PLOTS 

RCS vs TAL (abscissa is 4 s/in, ordinate is + 40to - 60 dbsm at 
20 db/in) 

Sample outputs are given in Appendix B. 



IV. PROGRAM LIMITATIONS 

Start time 

Stop time 

NRG 

1MTARG 

Length of run 

Must be on tape 

Must be on tape 

< 120 

Must be on tape 

< 300 s 



V. PROGRAMMING 

A. ALT10  (see Appendices C and D). 

ALT10 is the control section of ALT10. ALT10 reads the input 

cards, calls ALREAD, and averages the data returned. ALT10 also calls the plot 

routines, and prints the data. 

B. ALREAD2 

ALREAD is the Fortran driver for the machine language tape 

reading routines. 

The call statement is ALREAD (TSTART, TSTOP.  TLIFT,  INTARG, 

INPAT, IPOL, NOPHA, NPTS, DFPG, NEWPAS, NRG. 1STGAT). 

INPUT 

TSTART Start time of processing (GMT total seconds) 

TSTOP End time of processing (GMT total second?) 

INTARG Target number to be processed 

INPAT* Sampling pattern in which initial gate is located 

NRG Number of range gates r.o be processed 

ISTGAT** Location within INPAT of initial gate wanted 

NOPHA 1 (only RCS data wanted) 

IPOL Data channel:  1 = LC; 2 = RC; 3 = Az error; 
4 = El error 

INPUT AND OUTPUT PARAMETERS 

NPTS^ Output:   number of pulses of data returned 

Input:     must be iniiialized by calling program 
before each call to ALREAD 

* * Cycle and error pointer NEWPAS 

*Also called IPAT. 
•"♦Also called ING or ISG. 
tset to zero for first call.   Set to number of saved points for subsequent calls. 

■^ Also called IAGAIN. 



OUTPUT 

TLIFT Lift-off time (GMT total seconds) 

DFPG Frequency and polarization (e.g. VHF LC) 

STORED IN COMMON 

TIMES Pulse times (GMT total seconds) 

XSPHA RCS and phase for each pulse and gate 

RANGKM R 

ALSAV* Alt 

IRGA Range gate array associated with XSPHA 

NFPG Frequency code:  1 = VHF;   2 = UHF 

C. REW 

REW is an entry to subroutine BREADS3 used to rewind the t^pe. 

D. PLOTEN 

PLOTEN plots RCS vs TAL for every gats and for the peak gate. 

E. Plotting System Subroutines 

They are REREAD, STOIDV, and PLTND. 

♦Valid for first pulse of minor cycle.   It is repeated for subsequent pulses. 
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APPENDIX A 
ALT10 INPUT 

"» P  1, öi.Tin   Kim 
CARD 1 

0 0 Ö 0 0 0 0   0 o o o • o ■ 0 P 0 0   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'''*»• M«»" a »i*« »" H .. H B a n « n «27««,.«32 33 M 35 3.3,3. n «tt«.3«« ««4.»«5, s! sa S4 55 H R H n mn «H M HM»11 B H n"." 511 r,! SS 

CARD 2 

0; 0 0 0 0 0 P 0 0,0 0 0,0 P 0 0 0 0 0 0 0; 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ü 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 P n P P P 
1''''''''''''''''''''''''' 1' 11111111 n 111 ] 11 c 1111,. 1111 e 11111 ] 11111,,,,,,,,,,,,,, 

22222222222,2222222222222222222222,2222222222222222222222222222222222222 .'2222222 

3 3 3 3 7 7 3 7 3 7 3 3 3 3 3 3 3 ■ 7 3 3 3 7 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4444 4M4444444444444 44444M444444444404444M44444444444 44444444444444U44444444 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

866666666666B66666666666666 666666666666~6666666666666 66 6 6666666666G6666666666666 

i     H 77/? 7 7 7'7 7 7/7//7 7 7 7////7/H/7 7 7 7/7 7 7/7 7 7 7 7 / / / 7 7 7 7//7 7 7/ / 7// / / n / 7 7 7 / / / 7 7 / 7 7/ 7 / 

8 88 888 8 8      88 888888880     888888888 8888888 8 888888888888888 8888888888888 8 88888 8 68 886 

9 9   9 9!) 9 9 9 9 9 9 9 9 9   9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9«9 9 9 9 Q Q q Q q q Q q t,, q,, 0 



APPENDIX B 

ALT10 OUTPUTS 

AlTAIP   LINK   K   VERSION   DATg     9     ncT^PF^      19?! 
FLP   lJn3   &LT10     QIC« 

TI«!   FFO^  3^418,0?or.   TO   S*42«.50CC Tftpr-FT      46      VHF-LC 

OANGE   GATF l   IS NOW   PLOTT 

RANGE   GATF ?    IS m W   PLOTT 

RANGE   GATF 12345   IS NOW   PLOTT 

THF FF AK IS IN GATE ? FRDM 

THE FEAK IS IN GATE 1 FRO' 

THE PEAK IS IN GATE 2 FRCM 

Tl-F FF AK IS IN GATE 1 FRHM 

THE FFAK I s IN GATE 2 FRCN 

THE PF AK IS IN GATE 1 FRfM 

THE FEAK IS IN GATE 2 FPCM 

THE PEAK IS IN GATE 1 FRCM 

THF PEAK IS IN GATE 2 FROM 

THE FEAK IS IN GATF 1 PROM 

THF PEAK I s I N GATE 2 FROM 

THE FEAK IS IN GATE 1 FROM 

THE FEAK IS IN GATF 2 FPTM 

THE PEAK IS IN GATE 1 FROM 

THE FEAK IS IN GATE 2 FROM 

THF PEAK I s IN GATF 1 FPCM 

THF PEAK IS IN GATE 2 FRCM 

THF FFAK IS IN GATE 1 FROM 

THF PFÄK I s I N GATE 2 FPCM 

THE PEAK IS IN GATE 1 FROM 

THE FFAK IS IN GATE 2 FROM 

THE PF AK IS IN GATE 1 FROM 

THE FEAK IS Tfg GATE 2 FROM 

THF FEAK IS IN GATE 1 FRCM 

THE PEAK IS IN GATE 2 FROM 

THP FFAK IS IN GATE 1 FROM 

THE PEAK IS IN GATE 2 FFCM 

THE PEAK IS IN GATE 1 FRCM 

THE FEAK IS IN GATE 2 FPCM 

THE PF AK IS IN GATE 1 FRCM 

THE PEAK IS IN GATE 2 FROM 

THE FFAK IS IN GATE 1 FRCM 

THF PEAK IS I N GATE 2 FPCM 

THE FFAK IS IN GATE 1 FROM 

THE FEAK IS IN GATE 2 FROM 

THF P,EAK IS IN GATE 1 FROM 

THE P E AK IS IN GATF 2 FROM 

IMG 
ING 
ING 
170P.7110   TH 
IT^q^MH   TO 
1700.TIK-   TO 
170^.8110 n 
1709.^61 } TT 
1711.7m Tf 
1711.7610 TO 
1713.1110 TP 
1713.211° TD 
1713.46n T^ 
1713.^110 TO 
1714.3110 TP 
1714.41 10 TO 
1714.9610 TO 
ms.ouo TD 
1715.0610   TO 
1715.3110   TO 
m^.öiic TO 
1715.7110   TO 
1715.7610   TO 
1715.9110   TO 
1716.0110   TP 
1716.1110   TO 
1716.1610   T^ 
1716.3610   TP 
1716.46K   TO 
1716.6110   TP 
1716.71K 
1716.96' 
1717.111 
1717.161 
1717.2110   n 
1717.5110   TP 
1717.7110   TP 
171P.36n   TO 
1718.411^   TO 
171P.6110   TP 

17)9. 2110 
17^9. 2M' 
1 7r 9. 7610 
1709. 8110 
1711.6610 
171 1.711^ 
1713.^610 
1713.1610 
1713.411'' 
1713.461P 
1714.2610 
1714. 3610 
1714.81 1° 
1714.^610 
1715*0110 
1715.26l^ 
1715.5610 
1715.6610 
1715.7110 
1715.8610 
1715.9610 
1716»0610 
1716. UK 
1716.31 10 
1716.411^ 
1716.5610 
1716.661P 
1716.01 lf> 
1717.0610 
1 7 17 . 11 K' 
1717.1610 
1717.4610 
1717.66 K 
1718. 3110 
1718.^6K 
1718.^610 
1718. 6610 

10 



ELP 1J03 ALT10    TARGET  4G    PEAK GATE VHF-LC 

40-1 

20- 

r 
(/) 
m 
Q 

U 

-0- 

-20.- 

1708 1712      171S 

CTAL) 

1720 
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APPENDIX C 
ALT10 PROGRAM LISTING 

DinENSION   AVXS (120),DFPG(2) ,IPGATE(6000),PBAKXS(6000) «PLOTIG (15), 
1SINK (120) ,TPLT(6000) ,XSPLT(6000) 

DOUBLE   P8ECISIOH   S£C,T1,T2tTinES,TLIPT,TOTIMfTOUT,TPLT.TSAT, 
1TSTA HT , TSTOP, ZSEC 1, ZS EC 2- 

COMf1ON/RDCÜf1T/TH1ES(300) ,XS(120r300) rRAIGE(300) ,ALT(300) ,IRGA (120) 
I.NFPG 

tjOXVALKNCE   (TPLT(l) , XS(1,1) ) , (XSPLT(I) ,XS(1,151)) , 
1 (PEAKX3(1) rXS (1,201) ) r (IPGATE (1) ,XS (1,251)) 

JATA   AVXS/120«0.0/ 
JATA   TINC/0.C5/ 
rOTIfl (1H,IM,SEC)=DFLOAT(60*(60*IH»IH)) »SEC ' 
CALL   fiEREAD(99,5lK') 
TSTOP=Ü.Ü 
IAÜAIN=0 
H£AD(5,UÜ) PLOTAC. 

40 rOR«AT(15A'*) 
CALL   STaiDV(PLOTAG#59,0) 

60 READ(5,80,ENO=900}IH1,IN 1,ZSEC1,IH2,IH2,Z5EC2,NRG,IMTAHG,IPAT,IP0L 
I.ING 

80    FORHAT (2 (2I3,F7.3),4X,5I5) 
TSIART=T0TII1(IH1,IB1,ZSEC1) 
IF((TSTART.GT.TSTOP).AND. (IAGAIN.NE.44))G0  TO   90 
CALL   riErf 
IAGAIN=1 

90 T5TOP=rOTIM(IH2,ia2,ZSEC2) 
NPT5-0 
NaEC=0 
KO0NT=0 
T1=TSTART 
T2=TUTINC 

100        CALT,   ALREAD(TSTAHT,TSTOP,TLIFT,INTABG,IP*T,IPOL, 1,MPTS,DFPG,I1GAIH 
1,NRG,ING) 
If(IAGAIN.EQ.55)GO   TO   900 
IF(IAGAIN.E^.66)G0  TO   60 
IF(JIPTS.NE.O) GO TO 160 

120   IF(NREC.NE.O)GO TO 500 
«£iITE(6, 140) IH1,ini,ZSEC1 

140   FOBKAT(,1  AT TIME • •,12,13,PS.4V • NO VALID POINTS HEBE FOUND - R 
1UN HAS BEEN ABORTED.*) 
IAGAIN=49 
GO TO 60 

160   DO 400 J=1,NPXS 
IF(T1.GT.TinES(J))GO TO 400 
KOUNT=KOUNT*1 
DO 200 1=1,NRG * 
lSgN=10.0**(XS(I,J)/10.0) 
AVXS(I)=AVXS(I)♦XSQH 

200   CONTINUE 
IF(T2.GT.TIHES(J) ) GO TO 400 
IF(KOUNT.LE.0)GO TO 240 
COUNr=KO0NT 
00 220 1=1,NHG 
AVXS(I)=10.«ALOG10(AVXS(I)/COUNT) 
1F(I.EQ. 1)GO TO 210 
IF(AVXS(I) .LE.PEAK)GO TO 220 

12 



21Ü 

2K0 

u )0 

SJO 

520 

bJO 

660 

700 
BJO 

820 

ÖUO 

SOÜ 

IPUAI-IBGMI) 
PeAK*AVXS(I) 
CONTINUE 
TUUr=T1-TLirT 
KB£TE(«)IODT,IPGATfPE*Kf iATXS(I) ,1-1,MG) 
HBEC=Nil£C»1 
IF(NCtc:C.GT.60aO)GO  TO  500 
UO  260   I«1,NRG 
AVXS(Z)*0.0 
CONTINUE 
TW2 
T2='TUTINC 
KOUNT^O 
IF(T2.GT.TSTOP)GO  TO  500 
IF(T2.I.£.TinES(NPTS))60  TO   «00 
IF(IAGAIN.£U.0)GO  TO   120 
NPTS»NPTS-J 
DO   280   K=1.NPTS 
JK=J«K 
TIBi.S(K)=TinES(JK) 
HANGE (K)=RAHGE(JK> 
ALT(K)-ALT(JK) 
00  2dü   L'I.NRG 
XS(I.,K)»X5(L.JK) 
CONTINUE ^ 
GO  TO   100 
CONTINUE 
If (lAGAIN.EU.O)GO  TO   120 
NPTS=0 
GO   TO   100 
RErilNU   <t 
»IBITE(6,52Ü) PLOTAG,TSfART,TSTOP,I«TABG,DPPC 
FORMAT (•1V8X.,*I'T*I«   LINK   10   VBISIOI   DATE     9     OCTOBER     1970V2X, 

115AV/2X,'TIBE  FBOH  •.PIO.«,«   TO   • ,F10.1»,6X »'TAHGET   • ,I3,2X,2A4//) 
DO  7ÜÜ   1=1,NBG 
DO   660   J=1,NREC 
IF(I.NE. 1) GO  TO  600 
READ(4)TPLT (J),IPGATE(J) ,PEAKXS(J) ,ESPIT(J) 
GO  TO   660 
KIN=1 
KOUT=I-1 
B£AD(4)TPLT{J),IPGATE(J),PEAKXS (J),<SI»MK),MEIN,ROOT),XSPLT(J) 
CONTINUE 
REMIND 4 
CALL PLOT£N(TPLT,XSPLT,NBEC,DPPG,IBGA(I),I«TARG,PLOTAG) 
CONTINUE 
NDBG<=123il5 
CALL   PLOTÄ»(TPLT,PEAKXSrMIC,DrPG,IDiG,IiTABG,PLOTAG) 
rSAV*TPLT(l) 
ISGAT=IPGATE(1) 
HOOT^O 
DO   84U   I=2,NB£C 
£F(IPGArE(I) .EQ.ISGAT)GO TO   tW 
«8ITE(6,820)1SGAT,TS1T,TPIT(I-1) 
t'OBHATC   THE  PEAR   IS  IN  GATE   «,13,•   FBOH   •,flt.«#»   TO   •|lftf.«| 
ISGAT^IPGATEd) 
T3AV»TPLT(I) 
NOUT=NüUT*1 
CONTINUE 
1F(NOUI.ES3.0) HBITE(6,820)ISGAT,TPIT(1) ,TPLT(HBEC) 
IAGAIN=lt9 
GO   TO   60 
CALL   PLXNU 
BETUBN 
END 

13 
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APPENDIX D 
ALT 10 FLOW DIAGRAM 

2;GO 

f    START 

READ 
DATA 
CARD 

<5^Q 

INITIALIZE 
COUNTERS 

100 

ALREAD 
READ 
DATA 

YES^/REWIND 
TAPE 

4,100 

& 
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WRITE  AVG 
^NTERl/A^PEAk 
^G ATE, PEAK 

RCS ON F UF 
•SR D>SK 

INCREMENT 
DATA 

COUHTER 

X 
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jwmg 
mmmm 

;;;:;;■„ 

v 

SAVE   DATA 
NOT  USED  IN 
AVERAG1WCS 

REWIND 
BUFFER 

DISK 

PRINT 
DATA 

HEADlWCrSi 

I 
READ ALL7 
DATA FOR 
ONE RAN^F^ 
(FATE FROH 

DtSK 

1^> 
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INCREMEMT 
G-ATE 

COUNJTER 

KtWIND 
DISK 

PLOTEN 
PLOT RCS 
FOR ONE 

G-ATC 

Yes 

PLOTENI 

PLOT PEAK 
RCS 

PRINT 
PEAK 
tATE# 

' 
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